Introduction
At a recent "National Forum on Military Telemedicine," Brigadier General Russ Zajtchuk gave an opening address in which he stated, "The time is right to change the way we practice medicine."
He also stated that we must become aware of and understand all of the dual applications of telemedicine in both practice and technologies. There is currently an explosion in technology that is not being fully utilized, especially in telecommunications.
This includes ISDN types of services, terrestrial fiber, and satellite communications.
Telemedicine is delivering health care to patients anywhere in the world through the combined use of communications technology and critical medical expertise.
The national health care industry alone is already reaching more than one trillion dollars in business.
To make health care reform a reality, the application of technologies such as those in the field of telecommunications earl play an important role.
Application of telemedicine technologies and practice has the potential to reduce costs and improve care. Telemedicine can offer physicians new opportunities and capabilities to enhance their own skills. Telemedieine can revolutionize the way we deliver health care in this country and around the world.
Routine health care and information services will be offered by both wired and wireless local, medium, and wide area networks (i.e., LANs, MANs, and WANs). However, satellites will provide services to remote national locations, most global locations, mobile units, and airplanes. This scenario is illustrated in the Figure 1 . Currently, the applications in medical consultations, disaster care, and medical specialities, such as radiology and pathology are being demonstrated at low data rates. Many of these applications demand multimedia transmission at high data rates to reach their full potential.
The major issues are interoperability, confidentiality, quality of transmission and costs. Interoperability issues are at two levels: the various medical equipment, smart cards, digital assistants, and computers and workstations have to be interoperable with satellite earth stations and mobile antennas. The satellite networks need to achieve seamless interoperability with the fiber and wireless networks. Figure 2 illustrates the layered approach to viewing telemedicine.
Satellite communications and other telecommunications media exist at the "telecom" layer and interoperability issues are addressed with the "protocol" and "application" layers. We will examine various items at the "clinical" and "application" layers to fred the key telecommunications and interoperability issues in
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two telemedicine workstations is illustrated in Figure 3 . This paper will outline the critical role satellites will play in the National and Global Information Infrastructure for health care applications and will outline the differences in their requirements for Nil vs. GII. For example, one difference noted is that medical consultation in the national health care information infrastructure may be hindered by the potential of increased malpractice lawsuits based on transmitted data. Global markets welcome the access to technology and believe this provides timely and quality medicine.
Preliminary conclusions drawn from several recent trials at national and global levels are reviewed to project future usability. The transmitting and receiving system in the moving vehicle must be small and light. The medical work station and associated digital circuitry must be made small.
Ever more of us are spending longer periods of time in a variety ofrnoving vehicles, especially in international travel by aircraft and ships. The number of medical emergencies on aircraft has been on the increase. On the ground, death rates within the first hour, the so called "golden hour" for emergency vehicle users, is very high. The access to the health information infrastructure in the mobile environment will have considerable benefit if it can be provided cost effectively.
It is clear that the cost of equipment associated with telemedicine and, to some extent, the cost of the In countries where a free market is taking hold and/or percentage of upper-middle class is rising, access to high quality medical care becomes a priority.
Uses of Satellites in Telemedicine
Many examples of the use of communications satellites in telemedieine activities can be found both in the Unites
States and throughout the world. However, the vast majority of these efforts have been demonstrations or at least experimental in nature. The possibilities of the uses of satellites in telemedicine are quite broad and have yet to be fully explored.
NASA Examales of Satellite Telemedicine
One of the earliest demonstrations of telemedicine was using the experimental NASA ATS-1 satellite helping to provide health care to remotely located native Alaskans It.
This program was begun with the support of the Indian Health Service who was laying to solve the difficult problem of providing health care to widely mattered remote villages. The use of satellite communications was introduced to combat the lack of reliable communications in the Alaskan bush. Initially, the experiment was set up to provide simple teleconsultations to these small, remotely located villages.
The system was also used for communications between patients at the actual hospital and their families in the remote villages, which had previously been impossible due to the lack of any telephone service. In 1974-75, another NASA experimental satellite, ATS-6, added a video link to the teleconsultation service that allowed for more possible telemedicine applications such as interactive searching of on-line medical libraries and for the transmission of medical continuing education courses. The experiments using the NASA sateUites were so successful that the state of Alaska and the Public Health Service subsequently evolved the experimental system into an operational system using commercial satellite services.
NASA has also been involved in international telemedieine. Japan is another world leader in both satellite communications and telemedicine. Kyoto University developed the world's first HDTV-based telemedicine system that uses ISDN to receive high resolution images of frozen pathology sections that can be remotely manipulated. Several teleradiology trials also are occurring throughout Japan. At least one of the Japanese telemedicine efforts is using satellite communications.
In 1992, the Telemedicine Society of Japan, which is a non-governmental organization, was founded at Tokai University School of Medicine. This In Greece, a telemedicine network has been established within the framework of a NATO-Sponsored project. The first phase of this project began in 1988 and created a telemedicine network among its islands using standard telephone lines for transmission of electrocardiograms and X-rays. Since the quality of these links was quite poor, the second phase will use satellite links between three Greek islands and University of Athens using 384 kbps links.
Coverage of much of the European continent is planned for later phases.
SatelLife/HealthNet
is an international nonprofit organization based in the United States which uses microsatellite technology to provide health communications services to developing nations. SatelLife now provides island communities with some communications capabilities via the low earth orbiting HealthSat 1 and 2 satellites.
HealthNet stations are currently operating in 13 countries around the world assisting local practitioners in remote medical care.
_. Critical Issues
The evolving health information infrastructure requires communication satellite networks to be a part of it. Several key issues need to be resolved, as discussed below:
Availability
Several telernedicine applications require bandwidth on demand.
Satellite networks are not readily available to provide bandwidth on demand services.
In large disaster emergencies, satellite networks have been temporarily linked together at significant cost, however, general availability for such specialized services is poor.
Cost
The costs associated with telemedieine are currently high. These costs are associated with access to satellite networks, specialized workstations, and technical personnel to use and maintain these systems on both the transmission and receiver ends. Current perceptions that health care in general is already too expensive may initially slow the move for health care facilities to add telemedicine services.
However, satellite communication links have a significant potential to reduce health care costs. Underutilized hospital or speciality services could produce higher revenues by marketing their services to rural and remote areas who are typically without specialty medical access. This could also include patients for whom travel is difficult, too far, or too expensive, as with international patients.
As pointed out by Bashshur 3', the relationship between telemedicine cost, quality and access and their impact on patient, provider and society are complex.
However, without doubt, greater availability with reduced costs of access and workstations will be pivotal in the evolution of telemedicine.
Standards and Protocols
It is widely presumed that telemedicine will adopt most of its standards and protocols as it becomes an integral part of medical practice and it will not be involved in their creation s. However, telemedicine applications require high data rates and high bandwidth telecommunications that will drive the incorporation of appropriate standards and protocols into medical practice. In telemedicine, protocols and standards are needed to provide image intensive medical data from its creation, transmission to storage. These standard and protocols will provide timely access to specialty image data (e.g., X-rays, ultrasonic etc.) to the health care providers whatever their location. 
Security
Maintaining the confidentiality of medical data is a very serious issue in United States and several other countries. Secure communications are needed for telemedicine. In many countries it is less of an issue since access to quality medical care is a higher priority rather than legal issues.
Others
Medical malpractice and liability are also issues. The judgment of health care providers may be incorrect or brought into question based on poor transmission quality of typically very high resolution medical images or erroneous data transmission.
Satellite transmission must provide the required standard of medical images and data accuracy for telemedieine to be feasible.
Training of individuals to operate telemedicine systems
properly and efficiently is another concern.
There are concerns whether consumers will choose to utilize telemedicine services. Patient acceptance is high for telemedicine when compared with unavailability of medical care. However, recent surveys show that overall acceptance of telemedicine is low.
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